Purpose: To describe the presence of iris mammillations (IM) in keratoconus. Design: Retrospective case series and literature review. Observations: This is a retrospective case series of eight patients presenting with keratoconus and IM, who were examined between January 2016 and December 2017 in the ophthalmology outpatient clinic. They had a median age of 14 (11-30), and all had bilateral keratoconus and diffusely distributed IM. The IM had similar presentations and similar iris colors. None had relevant medical or family diseases associated with IM. Three eyes previously had penetrating keratoplasty. Four (31%) out of 13 eyes had mean keratometry (Km) > 55D, and 4 (31%) had the thinnest pachymetry between 300 and 400μm. Conclusions and importance: To the best of our knowledge, this is the first time that IM was observed in association with keratoconus patients. The possibility that IM is an early finding in otherwise healthy patients may help to predict the future diagnosis of keratoconus. Future studies are needed to show the frequency and possible association between IM and a keratoconus prognosis. This may also demonstrate that there is a subgroup of patients with a distinct etiology of keratoconus.
Introduction
Keratoconus is a corneal ectasia which leads to progressive stromal thinning and protrusion, resulting in irregular astigmatism, visual impairment, and decreased quality of life, with a prevalence of approximately 1:2000, with varying susceptibilities in different ethnic groups. 1 The progression of keratoconus occurs more intensely in the second and third decades of life and is more aggressive at puberty. 2, 3 Its etiology is multifactorial, involving genetic and environmental factors. 4 Concerning corneal changes, increases in central epithelial thickness, breaks in Bowman's layer, and deformities of Descemet's are prevalent, 5 as well as dramatic changes in collagen fibrils at the apex of the cone 6 were previously described. In addition, many iris abnormalities have been described in keratoconus patients, such as lower tissue resistance during iridotomy, 7 decreases in iris thickness, 8 and iridoschisis. 9 Iris mammillations (IM) are described as multiple verrucous excrescences, or small elevations, distributed diffusely on the anterior iris surface bilaterally. 10 They have been described previously as iris nodular nevi, 11 or as a dotted Swiss iris, 12 with a clear familial involvement. [11] [12] [13] They are seen in association with various ocular conditions, such as ocular melanosis, 10 oculodermal melanosis associated with uveal melanoma, 14 congenital cataract, neurofibromatosis, congenital ptosis, and other similar ocular conditions. 11 In addition, they have been associated with Cowden's syndrome 11, 15 and congenital adrenal hyperplasia. 13 The goal of this case series is to first describe patients who concomitantly present with keratoconus and IM.
Findings
The study was approved by the local Ethics Committee and followed the tenets of the Declaration of Helsinki. A spontaneous and continuous observation of keratoconus patients with IM, who were currently under the care of a corneal ambulatory clinic in Hospital das Clínicas, Medical School of Ribeirão Preto, University of São Paulo, was recorded by a unique examiner (RAF). They were carefully examined with a slit lamp, and the following aspects of the iris of each patient were described: color, IM distribution along the iris surface, laterality, and the presence of iris nevi. Microscopic color photographs were taken at a 16X or 25X magnification. Corneal tomography images were obtained using the All of the patients had brown colored irises and bilateral IM, which appeared to be more visible in the upper half of the iris. Seven patients, except for patient 3, had diffusely but relatively uniformly distributed IM. Patient 3 had sparse and more pigmented IM (Figs. 1-3 ). Fundoscopy was unremarkable in all patients.
Discussion
To the best of our knowledge, this is the first description of IM in keratoconus patients. Six out of 8 are pediatric patients, and 3 out of 8 had a penetrating keratoplasty, suggesting that these patients have a more aggressive form of the disease.
The etiology of IM and their clinical implications are not clear. As in keratoconus, they can occur sporadically or in familial cases. 11, 13 The differential diagnosis of IM include all conditions which present with superficial elevations or iris irregularities, such as neurofibromatosis type 1, in which Lisch nodules 16, 17 are observed, melanoma Tapioca, a rare tumor 18 that may present as single or multiple lightly pigmented nodules in the iris, and Cogan-Reese syndrome that presents with iris nevus. 19 The differential diagnosis [20] [21] [22] of IM are displayed in Table 1 .
Iris mammillations also have been described in association with other ocular disorders such as bilateral congenital cataract, oculodermal melanocytosis, congenital ptosis, Axenfeld and Peters anomaly. 11 Similarly, other ocular disorders were already associated with keratoconus, such as posterior polymorphous dystrophy with iris heterochromia and band keratopathy, 23 nanophthalmos and pigmentary retinopathy, 24 and was also seen in a patient with Noonan syndrome. 25 It is interesting that both keratoconus and IM were already associated with anterior segment abnormalities. 11, 23, 24 The presence of IM and other different iris features, such as iris atrophy, associated with other signs of anterior segment malformations, may reinforce the idea that there may be a common genetic pathway which explains both alterations, probably based on extracellular matrix proteins fragility. Future studies are needed to look for a correlation between keratoconus and IM, as well as other iris abnormalities that may not have been observed during routine examination. This may help to understand the natural history, prognosis, various etiologies, and known conditions associated with keratoconus.
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